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R. E. Muenchausen, D. C. Nguyen, R. A: Keller, and N. S. Nogar
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ABSTRACT

Doubly resonantly enhacced sum freauency genera~ion fro,m rhodamine
6G monolayer adsorbedon g:ms SU5st@s IScompared with resonantly
enhanced second harmonic qeceratlon using a collinear exckatjon
geometry. Secand harmonic aca sum frequency generation with a
non-co! linear excitation geome:rj k also repofied where spatial
fi!tering of the non-collicear OU!FU!is shown to ;ncrease the scattered
light reiection by more than 4 orcers of magnitude.

SULIMARY

Second harmonic generatkn (SHG) with a collinear excitation

!
eometry IS becoming an impor:ant tool for surface studies.’
!mse-rnatching on the surface ~sinherently satisfied since the

nonlinear generation occurs over distances corresponding to only a few
monolayer. We repoflqresonan~!y enhanced sum frequency generation
(SFG) for both collinear”and non-collinea~ excitation geometries.

A pulsed dye laser probed !be S.+ S0 transition of rhodamine K,
(ea. 525 nm) co!lmearly with the Nd:YAG fundamental (1064 nm] such
that the sum frequency output was also resonant with the SC’-- Sg
transition as sl:own in F~g. 1 wt:icti also shows the pumping scheme for
resonantly enhanced SHG,

Tt?e results show that douh:y resonant SFG is enhanced by more than
2 orders of maqnitude rehtive !C resonant SHG for submonolayer
covera~es of rtlodmmine 6G. In acdition, the measured SFG exci:a:~on
spectrum of rhodarnine 6G i~ ;::
good agre~mcnt with the c

[)

c—

calcu!a:ed f2XC:Ylt!Ofi Spectrulm
shown in Fig. 2. U (11~

In a separate experiment, ~,
[\

(
resu!ts for the non-colliflear

!

b

excitation ofsecond harmonic ... ...... 2(I)
and sum frequencv generation

IF

(11, 1.(1]:

fro,m rhadamine 6~ coated
::ljbstrntcs demonstrate that tl) (1),
tile efficiency of nonlinear
generation is not significantly
reduced for crcnslng amj!w; !1 ,, L
Icss than 15”. Ttl~ o[ltDu! b(?i]iy~ :,111; qlli
coherence can be exploited io
achieve spatiai separation from Fig, 1, Pumping sc!Imnus ~cr rf?!;c::mltly
the inck?mt bwuns, ns shcwn crll!:Ix(?d S1{G ill!d SITG Ill rkm?lim) (Xl,
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for SHG and SFG in Fig. 3. Ncte
that the noncollinear SHG
output bisects the collinear
outputs and that the relative
signal intensities are in good
agreement with the 2:1 ratio of
noncollinear to collinear
expected for equal input beam
irradiances as shown in Fig, 3a.
In Fig. 3b the noncollinear SFG
output is resonantly enhanced
angularly separated from the
reflected visible beam by 2“.

The resulting spat!al
filtering of the nonlinear
output possible with the
noncollinear excitation
geometry can increase the
scattered Ii ht rejection by

?more than our orders of
magnitude for crossing angles
small as 6’ as shown m Fig.
4 for SHG.
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Fig. 2. SFG excitation spectrum, dots
are the experimental data with the
theory (solid curve) overlayed.
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Fig. 4. a) Monochromator scan /
showin~ collinear SHG output I ,“ ~},-

and the two-ptioton excited
1 I

fluoreswnce of rhodamine 6G. c ‘~ ‘--” -’.’-..-u.’.~.~. --~ —~

The increasing background is >
due to the reflected $ 6,

fundamental at 695 nm. b) ~ cl a: 11’ I
Same scan conditions except
that the spatial filter passes

J’~,’’’\,,~ 7 ,, j

only the nonco!linear SHG ouput. & q ~ } 1,
1

“i
The color filter used for b!

“i!
jt= :-

collinear detection has also < /i. ‘j’,~ :
been removed. d ~.- ,’
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